Introduction
============

Since the coronavirus disease 2019 (COVID-19) outbreak in Wuhan, China erupted in late-2019, infection with the causative virus of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has rapidly become a significant problem worldwide.[@hcaa209-B1] During the last several months of the global response to COVID-19, it has been increasingly understood that SARS-CoV-2 has spread partly via mild symptoms and an asymptomatic population.[@hcaa209-B2] Further, COVID-19 has a relatively long incubation period among symptomatic patients.[@hcaa209-B3] This means that alongside rigorous social distancing, a liberal performance of RT-PCR testing is essential to prevent the SARS-CoV-2 from spreading, which has been gaining an increasing popularity for the response against COVID-19 globally.[@hcaa209-B4] However, such liberal approach is not accepted and remains controversial in some countries including Japan, in which a restrictive performance of RT-PCR testing has been conducted mainly for severe patients with COVID-19.[@hcaa209-B5]

In this context, a case study of the Japanese response would provide significant insight toward a strategy for RT-PCR testing. In Japan, the first case was detected as early as mid-January 2020, but the epidemic curve was not steep compared with that of other countries, such as Italy, South Korea, the USA and Iran as of April 2020.[@hcaa209-B6]^,^[@hcaa209-B7] It has been increasingly speculated that this has been caused by the Japanese central government's policy to restrict the provision of RT-PCR testing for this SARS-CoV-2.[@hcaa209-B8]^,^[@hcaa209-B9] Alternatively, Japan has focused on testing for cluster infections of SARS-CoV-2 as a proactive epidemiological investigation, and indeed the testing provision remains moderate (1000--2000 per day nationwide in late March 2020).[@hcaa209-B10] In this strategy, upon request from attending clinicians, bureaucrats in a local governmental healthcare center give their decision to perform any test at their discretion based on the restrictive guidelines of the central government. However, it has been reported that such requests from clinicians frequently result in rejection, and thus it is reasonable to speculate that testing number would be small and differ among regions.

Japan is composed of 47 administrative districts (prefectures), covering an area of 377 900 km^2^ and a population of 126.8 million.[@hcaa209-B10] Although the population density and human flow vary substantially in each prefecture, ranging from densely populated metropolis like Tokyo to depopulating rural areas, contributing factors related to geographical differences in the incidence and mortality of COVID-19 and the provision of RT-PCR testing in each prefecture remain unknown.

In this study, it was primarily aimed to evaluate geographical differences in incidences, number of deaths and RT-PCR testing with regard to the COVID-19. Additionally, the associated predictors were investigated for geographical differences through multiple regression analyses concerning the incidence and RT-PCR testing for COVID-19 and correlates with deaths through correlation analysis using the demographic and geographic data for each prefecture.

Methods
=======

Study settings and data collection
----------------------------------

Domestic laboratory-confirmed COVID-19 cases and the total numbers of RT-PCR testing conducted from 15 January 2020 (the day when the first case of COVID-19 in Japan was documented in the governmental report) to 6 April 2020, were collected in 47 prefectures in Japan, using publicly available data from the Ministry of Health, Labour and Welfare (MHLW). The MHLW initiated the RT-PCR testing using the prototype testing kit from 14 January 2020, and the development of RT-PCR testing was completed on 21 January 2020.[@hcaa209-B10]

In the publicly available data, the number of RT-PCR tests included both positive and negative cases, while the number of cases tested for a follow-up (e.g. confirmation of negativity for hospitalized patients before discharge) were not included. Domestically identified cases only were included, whereas, charter flights returnees from Wuhan, China and those quarantined on a cruise ship 'Diamond Princess' docked in Yokohama were excluded, as the aim was to focus solely on cross-prefecture comparisons.

Using the population of each prefecture as of 2018 published by Japan's Statistics Bureau,[@hcaa209-B11] the number of physicians, nurses, COVID-19 patients and the number of RT-PCR testing per population were calculated in each prefecture. In addition, the number of available beds was obtained for specific infectious diseases, including COVID-19, which are legally categorized as Type 2 in the Japanese classification, in each prefecture from the MHLW data as of 6 April. Based on the data published by prefectural governments, the number of deaths due to COVID-19 for each prefecture was obtained as of 6 April. Further, the number of cluster infections were obtained, defined in the MHLW report as of 31 March 2020, in each prefecture.

In addition, to take into account the influence of foreign visitors, Chinese visitors and US military facilities were accounted; the number of Chinese visitors in each prefecture using the data published by the Ministry of Land, Infrastructure, Transport and Tourism; the numbers of US Force Japan facilities using publicly available information released by the Defense Agency in each prefecture.

Data analysis
-------------

Data were first screened for outliers, which were identified using the outlier labeling rule,[@hcaa209-B12] then winsorized.[@hcaa209-B13] All variables were not normally distributed (Shapiro--Wilk's test, *P* \< 0.05); thus, the data were square-root-transformed to satisfy the assumption of normality.[@hcaa209-B14] Multiple regression analyses were conducted to identify significant predictors for the number of patients as the outcome variable.

Firstly, none of the variables were significant predictors for the number of patients when all seven variables were considered; including the number of deaths, population, the number of patients, available beds, the number of clusters, Chinese visitors and US Force Japan facilities. After excluding variables that were less relevant, four predictor variables were used in the final model; including population, the number of available beds, the number of RT-PCR tests and the number of clusters. Multicollinearity was of no concern Variance Inflation Factors (VIFs \< 10).

Second, the contributing factors to the number of RT-PCR tests were analyzed. We hypothesized that five predictor variables for the number of RT-PCR tests were the outcome variables, including the number of deaths, population, number of patients, available beds and clusters. Multicollinearity was of no concern (VIFs \< 10). Tests were done to assess whether the number of doctors, nurses, Chinese visitors and US Force Japan facilities would predict the number of RT-PCR tests, although none of these variables did not predict the outcome significantly.

Lastly, Pearson's correlation was used to identify correlates with deaths. Five predictors were considered to explore relationships with deaths: population, the number of patients, the number of RT-PCR tests, the number of available beds and the number of clusters.

Results
=======

During the study period, a total of 3817 test positive COVID-19 cases were reported, with an incidence of 3.0 per 100 000 population throughout Japan (median, 1.138; interquartile range \[IQR\] 0.70--2.82). Similarly, the total number of RT-PCR tests was 48 357, and the median number of RT-PCR testing per 100 000 population was 38.6 (IQR 25.4--48.1). [Figure 1](#hcaa209-F1){ref-type="fig"} shows the number of cases of COVID-19 and RT-PCR testing per 100 000 population in each prefecture. The incidence of COVID-19 tended to be higher in prefectures with large cities (e.g. Tokyo and Osaka). There was no apparent association between the size of cities and the number of RT-PCR tests per population. Details of the numbers of each variable in each prefecture are available in [Supplementary Tables S1 and S2](#sup1){ref-type="supplementary-material"}.

![Number of COVID-19 patients and RT-PCR testing per 100 000 population in each prefecture.](hcaa209f1){#hcaa209-F1}

###### 

Multiple regression predicting the number of COVID-19 patients in each prefecture

  Predictor variables                           *B*                      SE~B~    *β*    CI for *B* (lower, upper)
  -------------------------- ------------------------------------------ ------- ------- ---------------------------
  Population                   1.47[\*](#tblfn2){ref-type="table-fn"}    0.30    0.69           0.86, 2.08
  Number of available beds                     −0.60                     0.34    −0.24          −1.28, 0.07
  Number of RT-PCR testing    0.09[\*\*](#tblfn3){ref-type="table-fn"}   0.04    0.29           0.01, 0.17
  Number of clusters                            1.22                     0.62    0.20           −0.02, 2.46
  Adjusted *R*^2^                               0.80                                    

B, unstandardized regression coefficient; SE~B~, standard error of the coefficient, β standardized coefficient; CI, confidence interval.

*P* \< 0.01.

*P* \< 0.05.

###### 

Multiple regression predicting the RT-PCR testing of patients in each prefecture

  Predictor variables                          *B*                     SE~B~    *β*    CI for *B* (lower, upper)
  -------------------------- ---------------------------------------- ------- ------- ---------------------------
  Deaths                                      −1.51                    2.28    −0.09          −6.11, 3.09
  Population                                   0.48                    1.42    0.07           −2.39, 3.35
  Number of patients          1.39[\*](#tblfn5){ref-type="table-fn"}   0.60    0.42           0.19, 2.60
  Number of available beds    2.61[\*](#tblfn5){ref-type="table-fn"}   1.26    0.31           0.06, 5.16
  Number of clusters          5.20[\*](#tblfn5){ref-type="table-fn"}   2.37    0.26           0.42, 9.99
  Adjusted *R*^2^                              0.74                                   

B, unstandardized regression coefficient; SE~B~, standard error of the coefficient, β standardized coefficient; CI, confidence interval.

*P* \< 0.05.

[Table 1](#hcaa209-T1){ref-type="table"} shows multiple regressions predicting the number of patients in each prefecture. The four predictor variables accounted for 80% (adjusted *R*^2^) of the variance for the number of patients, indicating a large effect size.[@hcaa209-B15] Population (*P *\<* *0.001) and the number of RT-PCR tests (*P *=* *0.03) were significant positive predictors for the number of patients. The number of clusters was not significant (*P *=* *0.054). [Table 2](#hcaa209-T2){ref-type="table"} shows multiple regression analysis predicting the number of RT-PCR tests in each prefecture. The five predictor variables accounted for 74% (adjusted *R*^2^) of the variance for the number of RT-PCR tests, indicating a large effect size.[@hcaa209-B15] The number of patients (*P *=* *0.025), clusters (*P *=* *0.034) and available beds (*P *=* *0.045) were significant positive predictors.

[Table 3](#hcaa209-T3){ref-type="table"} shows correlation analysis identifying significant correlates with deaths; all variables were significant including, population, number of patients, tests, available beds and clusters (*P *\<* *0.01). Among them, the number of patients (*r *=* *0.80), population (*r *=* *0.73) and number of clusters (*r *=* *0.70) were strongly associated with the number of deaths.

###### 

Correlation analysis with regards to deaths.

                             Deaths
  -------------------------- ----------------------------------------
  Population                 0.73[\*](#tblfn6){ref-type="table-fn"}
  Number of patients         0.80[\*](#tblfn6){ref-type="table-fn"}
  Number of RT-PCR testing   0.69[\*](#tblfn6){ref-type="table-fn"}
  Number of available beds   0.67[\*](#tblfn6){ref-type="table-fn"}
  Number of clusters         0.70[\*](#tblfn6){ref-type="table-fn"}

*P* \< 0.01.

Discussion
==========

As new data about COVID-19 are being released day by day, we aimed to give a timely report for COVID-19 by analyzing publicly available data with regard to COVID-19 throughout Japan, which will help better understand the regional differences in the COVID-19 situation. As of 6 April 2020, population and number of RT-PCR tests were significantly associated with the increased incidence of COVID-19 in 47 prefectures. In addition, the deaths due to COVID-19 were significantly associated with various analyzed factors, including the population and the number of clusters, alongside the incidence and RT-PCR tests. Given that Japan has adopted a unique policy to restrict the number of RT-PCR testing, these findings would provide important lessons to a strategy to counteract the spread of emerging infectious diseases, including and beyond the case of the COVID-19.

These results are reasonable because residents in densely populated prefectures, such as Tokyo and Osaka, would have numerous opportunities to contract COVID-19 due to limited social distancing, and an increased number of patients would lead to an increased number of deaths. Of note, the fact that the increased number of RT-PCR tests led to more detection suggests the presence of numerous underdiagnosed patients under Japan's constrained policy for RT-PCR testing.

The number of RT-PCR was, in fact, lower in Japan than in other countries; as of April 6, the number of RT-PCR testing per 100 000 in Italy, Korea, and the USA was more than 1200, 900 and 500, respectively, while, that of Japan was as low as 38 as shown in this study.[@hcaa209-B16] RT-PCR testing has not been sufficiently provided to citizens in need under the policy of prioritizing RT-PCR testing to severe cases, leading to a significant concern that Japan's official statistics underestimate the actual case number of COVID-19.

It was found that there were wide differences in the number of RT-PCR tests among prefectures, and it was significantly associated with the number of COVID-19 patients, clusters and available beds. This would reflect a unique policy that the Japanese government has prioritized to perform RT-PCR testing for finding clusters of COVID-19 patients and related individuals who had close contact with the patients by the special projects team of the government. Although the number of available beds predicted the number of RT-PCR, given that medical institutions with such beds tend to be present in large cities, there may be confounding factors affecting the finding.

Of note, among the 47 prefectures, Wakayama prefecture had the highest number of RT-PCR testing per population (175.6 testing per 100 000), possibly because the local governor adopted a liberal and aggressive RT-PCR testing policy contrary to the central government, and it has succeeded in containment as of early April 2020. On the other hand, the prefectures with dense cities such as Tokyo and Osaka (32.0 and 19.9 testing per 100 000, respectively) were not able to implement such an aggressive policy for RT-PCR testing, and subsequently, the number of patients is rapidly increasing, although other factors may also explain the phenomenon.

In April 2020, the number of COVID-19 patients has continued to increase in Japan, but it is not clear whether the infection has been spreading or it is just because the government has gradually changed the policy to increase the number of RT-PCR testing to find more undiagnosed cases. Actually, some institutions have started screening of individuals without definite symptoms related to COVID-19 using RT-PCR or serological testing and found 3--6% of them could have already been exposed to SARS-CoV-2, suggesting the presence of much higher number of undiagnosed populations.[@hcaa209-B17] Given that extensive RT-PCR testing for a wider population has gradually become a consensus in containing the disease worldwide, the restricting policy for testing in Japan can be considered suboptimal.

Limitations
-----------

Several limitations are present in this study. There were other factors that could not be evaluated in the multiple regression analysis, such as access to medical care, therapeutic drugs, other diseases like influenza, detailed situations of human flow domestically and internationally, ventilators and intensive care unit beds. In addition, as there were only 80 deaths associated with COVID-19 at the time of our analysis, these findings should be interpreted with caution.

Conclusion
==========

In this study, it was primarily shown that the prefectural-level incidence and RT-PCR testing were low, and the large geographical differences in the incidence and deaths of COVID-19 and the provision of RT-PCR testing with their predictive factors in Japan. Although the incidence of COVID-19 remained low, it should be interpreted with caution since the prefectural-level number of RT-PCR testing was much smaller than that of other countries facing similar situations. The bidirectional association between the number of patients and RT-PCR may have suggested the presence of underdiagnosed patients, and it is necessary to increase the capacity of the RT-PCR testing to meet its growing demand in the country.
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[Supplementary material](#sup1){ref-type="supplementary-material"} is available at *QJMED* online.
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Click here for additional data file.
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